Over the past three years members of the Coresta Pesticide Sub-Group have undertaken a number of joint experiments designed to examine in detail two methods which had been proposed for the determination of dithiocarbamate residues in tobacco. The results of these joint experiments.are published as they indicate the difficulties which can be encountered when analysing for such pesticide residues in tobacco. The two methods of analysis (details of which are given in the appendix) which were investigated are basically the same. The dithiocarbamates (DTC) are decomposed by heating with acid to form carbon disulphide, a reducing agent being added to eliminate undesirable oxidation processes before the commencement of the acid hydrolysis. In method A, formic acid is used as the hydrolysing acid and sodium ascorbate as reducing agent, whilst in method B, hydrochloric acid and stannous chloride, respectively, are used. For both the methods carbon disulphide formed is transferred with a current of nitrogen to a scrubber containing concentrated sulphuric acid and then into absorption traps containing methanolic potassium hydroxide. The concentration of potassium 0-methyl dithiocarbonate formed under these conditions is measured spectrophotometrically. Earlier tests ( 1) had shown that concentrated sulphuric acid was more efficient than cadmium acetate for the removal of interfering substances present in tobacco, including casing and flavouring materials. The first joint experiment was planned to check whether results obtained using the two methods of analysis differed. Six laboratories analysed subsamples of one tobacco sample by the two methods. The results (Table 1) show that method B consistently gave levels greater than those obtained using method A although the differences between the two sets of results varied for different laboratories. In addition, results obtained using method A were more variable than those obtained using method B. During discussion of these results, members of the Pesticide Sub-Group also reported that calibration curves Members investigated the influence of pH, nitrate and sugars content and sample size, on results by the two methods but no consistent trends were found. At this stage members felt that a possible explanation for the variations found; could lie in differences in the rates of hydrolysis of the various dithiocarbamates under the experimental conditions used. It could be that sodium diethyl dithiocarbamate was hydrolysed more readily and therefore more completely than the dithiocarbamates used in the field and that the rates of hydrolysis of the different commercially used dithiocarbamates also varied + A list of the laboratories taking part in the joint experiments Is given at the end of th~ paper.
• n. m. = not measured.
and were dependent on the metallic ion present. This could explain why both methods of analysis gave identical calibration curves and why very large differences · were found when commercial tobaccos were analysed.
As i~suffident information was known about the rate of hydrolysis of the various dithiocarbamates the next joint experiment was planned to ascertain whether there was any difference in the rate of hydrolysis of maneb and propineb u1,1der the experimental conditions of methods A and B which could cause the differences in results by thesetwo methods. Twelve laboratories took part in this second joint experiment. Each analysed in triplicate, using both method A and method B, the following series of satnples~ 1. Untreated tobacco. · 2. Untreated tobacco spiked with propineb. 3. Untreated tobacco spiked with maneb. 4 .. Tobacco field-treated with propineb. 5. Tobacco field-treated with maneb. · 6. Propineb without tobacco.
7. Manebwithout tobacco.
Maneb and propineb were. added at a level equivalent to · 50 Jtg. Eadi pesticide was supplied mixed with talc. The results of this second joint experiment (Tables 2-6) were disappointing pecause of the large spread of values obtained. However; once again, results by method B . were, in general, greater than those by method A. The relative. differences in results by the two methods also varied considerably, being greatest for ·the field-treated samples and least for pesticide samples in the absence of tobacco .. Although the spread of values by different members was large the recovery of added pesticide was higher by method B. The· results of this second joint experiment . did not indicate that either method of analysis was influenced by the type of dithiocarbamate.
As method B consistently gave higher and less variable · results, members of the Sub-Group decided that this was the preferred method. The experimental details given for me~hod B were rewritten in more detail, to ensure that, as far as possible, there was no variation in experimental conditions between the various laboratories. A further joint experiment was then planned . to check the repro-. ducibility of this method and also to check whether a change in flow rate of 25 ml to 50 ml per minute affected the results. For this last joint experiment, tobacco was speci~lly grown in Turkey to have a residue level of about" 50 p;p.m. It was felt that the very low residue levels of some of the samples used in earlier joint ex·periments had exaggerated errors; Seventeen laboratories analysed two samples of tobacco, one with a residue level of about 50 p.p.m. and the other a lower residue level. Triplicate' analyses were carried out on each sample at each flow rate. The results (Tables  7, 8) were co~sidered by members to be very good. There . was ~o major difference between results obtained using 25 ml and 50 ml per minute flow rates, but for technical reasons, ~ainly the back pressure of the absorption traps, it was decided to recommend a 50 ml per minute flow rate. It can also be seen that with one exception all results were within ± 10 °/o of the mean value, and most were within ± 5 °/o of the mean. It was felt that this last joint experiment confirmed the preference of method B as the Coresta recommended method for the determination of dithiocarbamates. However, certain anomalies remain, in particular the effect of tobacco on the calibration curve. In some cases addition of tobacco has little effect but in general it reduces the absorbance levels by up to 10 Ofo. This reduction appears to be greater for air-cured than fluecured or Oriental tobaccos.
Ffgure 1. Apparatus for the determination of dlthlocarbamate resldues.
Apparatus for Methods A and B (see Figure 1) A 250 ml three-neck flask A is fitted with a water cooled condenser B (length 30 cm), a 100 ml reservoir C equipped with a stopcock and a tube reaching to the bottom of the flask, and a gas inlet D, which also reaches to the bottom of the flask. Both reservoir C and gas inlet D should be connected to a nitrogen supply, via a 3-way t~p. The exit of the condenser is connected with two wash-bottles (E and F). The volume of each of the washbottles is about 80 ml and the inner tubes are equipped with GO sinters. The apparatus should be checked to ensure that there are no leaks.
Procedure (Method A Only)
5 g of tobacco [b] , weighed to the nearest 10 mg, is placed in flask A. 50 ml sodium ascorbate solution is added. The flask is shaken until all the tobacco has been impregnated and the suspension allowed to stand for 5 minutes. Immediately after this has been done, flask A is connected to condenser B which is connected with wash-bottle E containing 20 ml concentrated sulphuric acid, and wash-bottle F containing 25 ml potassium hydroxide reagent. Reservoir C and inlet tube D are put in position, and a current of nitrogen, 50 ml per minute [c] , is allowed to pass through the whole apparatus via D. Flask A is heated to 30-40 °C. 50 ml formic acid solution is placed in reservoir C and slowly added to flask A. Whilst the acid is being added to the reaction flask the 3-way tap should be turned so that the nitrogen 294 supply is connected to reservoir C as well as passing into flask A via inlet tube D. This prevents any "suck-back" during the addition of the acid. The contents of flask A are then heated to boiling point whilst maintaining a nitrogen flow of 50 ml per minute through inlet tube D. Boiling is sustained for 45 minutes. Condenser B must be well cooled to prevent water passing into the concentrated sulphuric acid in trap E.
Procedure (Method B Only)
5 g of tobacco [b] , weighed to the nearest 10 mg, is placed in flask A. 2 g stannous chloride is added followed by 50 ml distilled water. The flask is shaken until all the tobacco has been impregnated. Immediately after this has been done, flask A is connected to condenser B which is connected with wash-bottle E containing 20 ml concentrated sulphuric acid, and wash-bottle F containing 25 ml potassium hydroxide reagent. Reservoir C and inlet tube D are put in position, and a current of nitrogen, 50 ml per minute [c), is allowed to pass through the whole· apparatus via D. Flask A is heated to 30-40 °C. As it is absolutely necessary that all of the tobacco is well impregnated by the stannous chloride solution, flask A is allowed to remain for at least 10 minutes in the conditions just described. This also has me advantage of purging any oxygen present in the apparatus. Following the impregnation, 100 ml hydrochloric acid solution is placed in reservoir C and slowly added to flask A. Whilst the acid is being added to the reaction flask the 3-way tap should be turned so that the nitrogen supply is connected to reservoir C as well as passing into flask A via inlet tube D. This prevents any "sudt-back" during addition of the acid. The contents of flask A are then heated to boiling point whilst maintaining a nitrogen flow of 50 ml per minute through inlet tube D. Boiling is sustained for 30 minutes. Condenser B must be well cooled to prevent water passing into the concentrated sulphuric acid in trap E.
Procedure Common to Both Methods A and B
At the end of the boiling period, wash-bottles E and F are disconnected and the nitrogen flow is turned off. The content of wash-bottle F is transferred to a 50 ml volumetric flask. Flask F is thoroughly rinsed with distilled water which is also added to the volumetric flask. The volume of the combined solutions is adjusted to 50 ml with distilled water. After mixing and allowing to stand for 15 minutes, the spectrophotometric measurements are made at 272, 302 and 332 nm, using a 10 mm quartz cell, against a reagent blank of 25 ml potassium hydroxide reagent plus 25 ml distilled water [d] . If any precipitation occurs in wash-bottle F, this indicates a high level of DTC, and the solution should be further diluted to 100 ml. Before every new analysis, the following procedure has to be observed:
1. The concentrated sulphuric acid in wash-bottle E must be renewed.
2. Wash-bottles E and F must be cleaned and dried, but acetone should not be used as any residue interferes with the subsequent analysis.
Remarks
[a] Sodium diethyl dithiocarbamate is the only pure dithiocarbamate which is readily available.
[b] If possible, use a test sample that is in the form of cut' tobacco or cigarette filler, without further preparation. If a test sample in these forms is not available, cut the laboratory sample into pieces of a suitable size. Grinding and drying lead to loss of dithiocarbamates.
[ c] The flow of nitrogen should be measured and preset before connecting to the apparatus.
[ d] The measured extinction at 302 nm shall not be over 0.800, nor under 0.100. If the extinction is over 0.800, a further dilution or a smaller amount of tobacco should be used. If the extinction is under 0.1 00, a quartz cell of lon~er path length should be used.
Calibration
A solution of 59.2 JA.g I ml sodium diethyl dithiocarbamate · 3H20, equivalent to 20 J.t.g CS2 I ml, is prepared in water. This solution must be freshly prepared each day.
A range of standards, equivalent to 40, 60, 80, 100, 120 and 160 J.t.g cs2. is prepared by analysing 2, 3, 4, 5, 6 and 8 ml of this solution under conditions identical to those used for the analysis of tobacco.
A calibration curve is prepared by plotting amount of CS2 in J..t.g against extinction (L\ E), calculated using the following formula:
A calibration factor (f) may be calculated from the slope of the calibration graph: [2] The calibration curve has been found to be very reproducible and a full curve need not be prepared each day. A single point check is normally sufficient.
Calculation
The amount of CSt in moisture-free tobacco expressed in mg CSz per kg moisture free tobacco (p.p.m.) is:
• L\ EX 100 CStmmglkg = f X M X (100-W)'
where L\ E extinction, corrected as formula 1, f calibration factor· calculated as formula 2, M tobacco weight (g), W moisture content of tobacco ( 0 /o).
Note
Method A is based on the work of Rastetter (2, 3) and method B on the work of Keppel (4) and Schurer (5).
H. Reif {Austria Tabakwerke AG), 
SUMMARY
The Coresta* Pesticide Sub-Group has examined various methods for the determination of dithiocarbamate residues in tobacco. As a result of this work the method described in this paper is recommended.
ZUSAMMENFASSUNG
Der UnteraussdtuB fiir Pestizide der Coresta* priifte versdliedene Verfahren zur Bestimmung von Dithiocarbamatriidmanden in Tabak und empfiehlt -als Ergebnis dieser Untersudlungen -die Anwendung der in der vorliegenden Arbeit beschriebenen Methode.
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R£SUM£ La sous-commission ocPesticides» du Coresta* a examin~ diff~rentes m~thodes pour la &~termination des rCsidus de dithiocarbamates dans le tabac. Au vu des rCsuhats obtenus, la m~thode dkrite dans cet expos~ est recommand~e.
